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(54) RESISTOR PASTE AND VARIABLE RESISTOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide resistor paste which is excellent in wear resistance and 
varies less in resistance at high temperatures, and a variable resistor formed of the same. 
SOLUTION: Carbon nano-tubes 0.1 ^.m or above in grain diameter and thermosetting resin are 
kneaded well into resistor paste where the carbon nano-tubes are dispersed well in the resin, 
and a variable resistor is formed by using the resistor paste. 
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. * NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** S ] 10WS t k e wor( j which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A resistor paste characterized by being resistive paste which carried out kneading distribution 
of thermosetting resin and the carbon nanotube, and particle diameter of said carbon nanotube being 0.1 
micrometers or more. 

[Claim 2] A variable resistor which carried out desiccation hardening and which was formed after 
applying a resistor paste according to claim 1 on an insulating substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to few resistive paste and 
variable resistors of a resistance value change especially about the variable resistor formed by applying 
the resistor paste and it which are obtained by thermosetting resin by carrying out kneading distribution 
of the carbon nanotube at the time of a good wear-resistant temperature coefficient of resistance and a 
wear-resistant good elevated temperature. 
[0002] 

[Description of the Prior Art] Generally, a carbon system resistor is created by drying and hardening 
this, after carrying out kneading distribution of carbon powder, such as carbon black and graphite, and 
the other additives at the binder resin which consists of thermosetting resin which dissolved into the 
solvent, obtaining a resistor paste and applying this resistor paste on a substrate. As conventional 
thermosetting resin, phenol formaldehyde resin, resol mold phenol resin, melanin resin, acrylic resin, 
xylene resin, etc. have been used. On the other hand, the activity of heat-resistant high polyimide resin is 
increasing to the activity demand in a pyrosphere in recent years focusing on a vehicle loading use. 
[0003] 

[Problem(s) to be Solved by the Invention] As a trouble which the conventional carbon system resistor 
has, it is mentioned that a temperature coefficient of resistance is large and that aging of the resistance at 
the time of an elevated-temperature activity is large, and abrasion resistance is not good. Therefore, 
although regularly used in the public welfare electronic equipment field, it is not used for the industrial- 
use electronics equipment field as which reliability is required, and the electronics field as which the 
stability under an elevated temperature is required. 

[0004] By the way, focusing on a mounted use, although the thing based on the configuration which a 
sliding child slides on a resistor top in a variable resistor is common, when many, there is a use of which 
tens of millions of times of lives of operation are required from millions of times also in it recently. To 
this, the method of raising the abrasion resistance of a resistor film is reported by by making resistive 
paste contain a carbon fiber. However, by this method, since the degree of hardness of a carbon fiber 
was higher than a sliding child's degree of hardness, the sliding child was worn out and the trouble that a 
life of operation was also inadequate had occurred. 

[0005] Moreover, although the carbon black used for the conventional carbon system resistor formed 
structure, since breaking of this structure took place, as for the conventional carbon system resistor, the 
resistance value change had happened in the pyrosphere. 

[0006] This invention aims at offering resistive paste with few resistance value changes at the time of an 
elevated temperature with good abrasion resistance, and the variable resistor using the resistive paste by 
using a carbon nanotube in order to solve the above-mentioned technical problem. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, resistive 
paste of this invention is resistive paste which carried out kneading distribution of a carbon nanotube 
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and the thermosetting resin, and it is characterized by particle diameter of a carbon nanotube being 0.1 
micrometers or more. 

[0008] Here, as thermosetting resin, although polyimide resin, phenol formaldehyde resin, resol mold 
phenol resin, melanin resin, acrylic resin, xylene resin, etc. can be used for example, heat-resistant high 
polyimide resin is desirable. In the case of for example, a condensation polymerization mold, polyimide 
resin consists of a polyamide acid which is the precursor of polyimide resin, carries out ring closure 
hardening with heating after spreading, and turns into polyimide resin. U varnish (Ube Industries, Ltd. 
make), LARC-TPI (Mitsui Toatsu Chemicals, Inc. make), etc. can use - dimethylacetamide, N-methyl-2- 
pyrrolidone, and N'N, N'-dimethylformamide etc. as a solvent as a polyamide acid whose polyimide 
resin is a precursor. [ N, and ] 

[0009] Moreover, as for a content of a carbon nanotube, it is desirable that it is the range of the 1-100 
weight section to the thermosetting resin 100 weight section. A carbon nanotube used for this invention 
is manufactured with a contact hydrogen reduction method of a carbon dioxide shown below. A fixed 
bed reactor (80mmphix600mmL) is filled up with 300g (10wt%NiSiO2) of catalysts. Mixed gas of H2 
and C02 is introduced into a reactor after 1-hour reduction by 2 L/min and H2 [ 500-degree C ]. 7.5 
L/min (H2:C02=2:1 v/v), 4hr reactions were carried out, nitrogen replaced 500 degrees C of reactors 
after reaction termination, after cooling to a room temperature, ejection and 0.1 -N nitric acid washed a 
catalyst, and a carbon nanotube was refined. In addition, a process of a carbon nanotube is not limited to 
this method, and may be manufactured with an arc discharge method, the laser Tsubame method, a 
thermal decomposition method, a CVD method, etc. 

[0010] 0.1 micrometers or more of particle diameter of a carbon nanotube are 0.1 micrometers - 3 
micrometers or less preferably. It is because a front face of a resistor film will become smooth too much 
and coefficient of friction to a sliding child will increase, if particle diameter is smaller than this. 
[001 1] Moreover, in this invention, an inorganic filler may be added suitably. As an inorganic filler, 
although a silica, glass, talc, clay, a titanium dioxide, asbestos, etc. can be used, it is not limited to these, 
for example. As for an addition in a case of adding an inorganic filler, it is desirable that it is the range 
of the 1-100 weight section to the thermosetting resin 100 weight section. This inorganic filler is used 
in order to adjust resistance. 

[0012] Next, a variable resistor by this invention contains a formed resistor which carried out 
desiccation hardening, after applying above resistor based on an insulating substrate. By the above- 
mentioned configuration, since abrasion resistance to a sliding child of a resistor can be raised, a life of a 
variable resistor of operation becomes long, and a resistance value change at the time of an elevated 
temperature can be further made small. 

[0013] In order to raise abrasion resistance to a sliding child, while reducing coefficient of friction 
between a sliding child and a resistor film generally, it is required to raise paint film reinforcement of a 
resistor film. Moreover, in order to make small a resistance value change at the time of an elevated 
temperature, it is required not to have structure which is looked at by carbon black. According to this 
invention, reduction of reduction of coefficient of friction, improvement in paint film reinforcement, and 
a resistance value change at the time of an elevated temperature can be aimed at by using a carbon 
nanotube. a resistor film formed from surface area's slipping nature of a carbon nanotube in field inboard 
being good because of the layer structure, and being large — moderate ~ that — it has ********** 
Therefore, coefficient of friction to a sliding child becomes small. Moreover, since surface area is large, 
bonding strength with polyimide resin becomes strong, and paint film reinforcement also becomes 
strong. Furthermore, since it does not have structure like carbon black, a resistance value change at the 
time of an elevated temperature can be made small. 

[0014] Moreover, an alloy which makes a subject what a material made from noble metals which can 
hold a resistor and good contact was used, for example, gave gold plate and silver plating on the surface 
of nickel silver, gold, silver, platinum, etc. in a long-term slide as a sliding child used can be used. 
[0015] 

[Example] Hereafter, the example of an experiment of the resistive paste by this invention is explained 
to details. 
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(Example of an experiment) Each component of a table 1 was blended, kneading distribution of this was 
carried out by the roll mill, and resistive paste was created. 
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In addition, the carbon nanotube was created with the carbon-dioxide catalytic reduction method 
mentioned above. It printed on the insulating substrate made from the ceramics which used the screen of 
a mesh for this resistor next, and formed the electrode beforehand, it hardened at 350 degrees C after 
desiccation for 1 hour, and the polyimide resin resistor was created. 

[0016] About the resistor obtained in the example of an experiment, measurement and sliding life test of 
a resistance temperature characteristic, a sheet resistivity value, and surface roughness were performed. 
About surface roughness, it carried out using the commercial contact process surface roughness meter. 
About the sliding life, contact consisted of a 6 yuan alloy of Pd, Ag, Pt, Cu, Zn, and nickel, set contact 
pressure to lOg on the whole at the contact with 0.3mm [ in thickness ], and a width of face of 0.5mm, 
and measured the resistor abrasion loss after making it operate actually and making it slide 100 million 
times in the condition of having included in the set using the surface roughness meter. 
[0017] The result is as follows. Although resistance fell gently as temperature rose when the resistance 
temperature characteristic was measured in the -175-175-degree C temperature requirement, resistance 
was stabilized in 80-180 degrees C. The sheet resistivity value was [ 20 (micrometer) and the abrasion 
loss (10000 times sliding) of 3.5k (ohm/lot) and surface roughness ] 0.2 (micrometer). 
[0018] Surface roughness of the resistor obtained using the resistive paste of this invention is suitably 
ruined, and after [ most ] its surface area was large, its abrasion resistance is high since bonding strength 
with polyimide resin is high, and sliding it 10000 times, it has not produced wear. Moreover, the 
resistance temperature characteristic was stable in 80-180 degrees C. 
[0019] 

[Effect of the Invention] As mentioned above, the phenomenon of cutting of a track or lifting of electric 
resistance in the pyrosphere seen by the conventional carbon system resistor does not happen, but the 
resistive paste of this invention shows the stable resistance. Moreover, the abrasion resistance to a 
sliding child can be improved substantially, consequently the very long variable resistor of a life of 
operation can be supplied. 

[Translation done.] 
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